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Background: The differentiation between generalized tonic-clonic seizure (GTCS)
and syncope is an important clinical problem. Corroborative investigations, which are
requested when history is unclear or insufficient, have limited diagnostic value. The
aim of our study was to determine whether auditory event-related potentials (ERPs)
can be utilized in post-event differentiation between GTCS and syncope.
Materials andmethods: ERPs were recorded in 18 patients with a single seizure and in
21 patients following syncope, either on one or two occasions. ERP latencies and
amplitudes were compared between groups and sessions.
Results: No significant differences of P3, N2, P2 and N1 latencies and P3, N2 and P2
amplitudes were found between patients following a single GTCS as compared to
patients following syncope on either session.
Conclusion: Post-event ERPs are insufficient to differentiate between GTCS and
syncope. Further investigations are needed to evaluate the influence of different
post-event intervals and ERP paradigms on ERP parameters in patients with GTCS.
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Since both syncope and generalized tonic-clonic
seizure (GTCS) are clinical diagnoses which rely
on detailed histories, corroborative investigations
are requested when history is unclear or insuffi-
cient. Serum prolactin concentration, creatine. Published by Elsevier Ltd. All rights reserved.
Delayed post-ictal event-related potentials 455kinase (CK) level and EEG were investigated as
possible post-ictal markers but were found to have
limited diagnostic value.1—3
P3, the most-studied auditory event-related
potential (ERP), is used as an objective measure-
ment of cognitive function.4 P3 amplitude reflects
brain processes related to decision making, depth of
processing and memory, the probability of the sti-
mulus and its relevance to the subject.5,6 P3 latency
reflects the duration of information processing and
is influenced by physiologic factors, and by states of
CNS disease.7 N2 is modulated by temporal atten-
tion, and is related to advanced processes of stimu-
lus evaluation, and to the regulation of long-term
changes in information processing.8 P2 can be also
elicited by non-attended stimuli, and is related to
stimulus classification.9 N1 amplitude is associated
with performance on complex cognitive tasks, and it
probably has a role in encoding of acoustic informa-
tion, and in attentional modulation of higher cog-
nitive function.10
P3 latency was reported to be prolonged in
patients with epilepsy and post-ictal P3 amplitude
was found to be reduced in limbic recordings ipsilat-
eral to the epileptogenic focus.4,11—14 However, to
date, ERPs were not yet studied following syncope
and were not evaluated as a diagnostic test in the
differential diagnosis between GTCS and syncope.
The purposes of our study were to determine
whether post-event ERPs can differentiate between
GTCS and syncope.Materials and methods
The study was approved by the ethics committee at
Assaf Harofeh Medical Center and informed consent
was obtained from all patients.
Patients
Thirty-nine patientswereprospectively recruited: 18
patients admitted to the Neurology Department fol-
lowing a single GTCS and 21 patients examined in the





Brain CT scan abnormalities/brain CT scan performed (%)
EEG abnormalities/EEGs performed (%)
Abbreviations–—GTCS: generalized tonic-clonic seizure.patients had syncope with secondary reflex anoxic
(clonic) seizures. Demographic data are presented in
Table 1. EEGs were done 1 day prior to the first ERP
recording or on the same day. None of the recordings
showed electrographic seizures. Interictal epilepti-
formdischargeswere present in three patientswith a
single GTCS. Intermittent slowing, focal or general-
ized, was present in eight patients, five with a single
seizure and three with syncope. Brain CT scan
abnormalities included lacunar infarcts (white mat-
ter, pons) in two patients with syncope and one
patients with a single GTCS, and cavernous angioma
in one patients with a single GTCS. None of the
patients had alcohol or drug abuse. Other diseases
included anemia, hypertension, hyperlipidemia,
bronchial asthma, peptic ulcer, hypothyroidism,
osteoporosis, migraine without aura, ischemic heart
disease, chronic obstructive pulmonary disease,
G6PDdeficiency, and state post cerebrovascular acci-
dent. Other medications included anti hypertensive,
antithrombotic and hypolipidemic medications,
bronchial spasm relaxants and thyroid preparations.
Testing procedure
Recording conditions
ERPs were obtained by auditory stimuli according to
the active oddball paradigm to fully awake attentive
subjects. Patients were seated comfortably in a
sound proof room and instructed briefly about the
nature of the procedure. They were asked to remain
as still and relaxed as possible, to focus on a fixate
point, to keep eye blinking to a minimum, to pay
attention during each stimulus presentation and to
mentally count the rare tones.
ERP recording
ERPs were studied by using a Medelec Premiere Plus
device and elicited by a series of tones at 70 dB sent
by headphones. Eighty-four percent of stimuli were
frequent (non-target) tones of 1000 Hz and 16%
were rare (target) tones of 2000 Hz with a 10 ms
rise/fall and 100 ms plateau time.
The rare stimulus occurred randomly and parti-
cipants were instructed to ignore the frequentts
Single GTCS (n = 18) Syncope (n = 21)
26.9  12.2 30.5  9.7
14/4 12/9
4 (22.2) 10 (47.6)
2 (11.1) 6 (28.6)
2/16 (12.5) 1/12 (8)
7/11 (63.6) 3/12 (25)
456 R. Gandelman-Marton et al.
Figure 1 Auditory event-related potentials recorded
from Fz (channel 6), Cz (channel 7) and Pz (channel 8)
from a patient following a single GTCS. The tracing dura-
tion is 1000 ms post-stimulus. The upper channel monitors
eye movements.non-targeted stimuli and to respond by counting
only to the rare target ones. The sensitivity was
50 mV and the filter band pass was 0.1—50 Hz.
ERPs were recorded by gold cup electrodes
from Fz, Cz and Pz placed according to the
10—20 system and each referenced to an elec-
trode on the left earlobe. The ground electrode
was placed on the right earlobe. Two electrodes
were placed above and below the eye to monitor
eye movements. Electrode impedance was less
than 5 kV.
EEG waveforms were averaged by a computer
that controlled the presentation of stimuli and arti-
fact rejection. The peak latencies of P3, N2, P2, N1
and amplitudes of P3, N2 and P2 were measured
with cursors.
ERPs were recorded on two occasions in 10 of the
patients with a single GTCS and 7 of the patients
with syncope. The tests were performed 1.4  0.7
days and 2.2  0.7 days following the seizure in
patients with a single GTCS, and 1.5  1.6 days
and 2.3  1.7 days following the event in patients
with syncope. Mean mental count errors in the two
tests were 0.21  0.42 and 0.27  0.47 in patients
with a single GTCS, and 0.53  0.9 and 0.33  0.71
in patients with syncope.
Statistical analysis
Student’s paired t-test was used for the inter-group
analysis. Pearson x2, Fisher’s exact test, Wilcoxon
signed ranks and Mann—Whitney tests were used to
test categorical variables. Statistical significance
was determined at p < 0.05.Figure 2 Auditory event-related potentials recorded
from Fz (channel 6), Cz (channel 7) and Pz (channel 8)
from a patient following syncope. The tracing duration is
1000 ms post-stimulus. The upper channel monitors eye
movements.Results
Examples of ERPs recorded in patients following a
single GTCS and syncope are presented in Figs. 1 and
2, respectively. Age, gender, other diseases and
medications, imaging and EEG abnormalities did
not differ significantly between patients following
a single GTCS and patients following syncope
(Table 1). There were no statistically significant
differences of P3, N2, P2 and N1 latencies and P3,
N2 and P2 amplitudes between the two patient
groups (Tables 2 and 3). There were no significant
inter-group, inter-session mental count or post-
event recording interval differences.Discussion
To our best knowledge, this is the first report of post-
event ERP recording in syncope or first GTCS, andthe first attempt to use ERP in the differentiation
between GTCS and syncope.
The differential diagnosis of GTCS includes several
similar clinical conditions, with syncope being the
most common one, especially in the setting of a first
convulsive episode.15,16 Since diagnosis is based
mainly on history in both GTCS and syncope, mis-
diagnosis may occur when history is insufficient or
missing, as may be the case in patients with unwit-
nessedevents of loss of consciousness.However, even
when history is detailed, certain clinical features can
be quite similar in both conditions and may not lead
reliably to a diagnosis.17 Therefore, previous studies
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Table 2 ERP latencies (ms) during two sessions in patients following a single GTCS or syncope
Single GTCS Syncope
P3LatFz 313.4  24/318.3  26.5 312.7  12.9/320.4  22.6
N2LatFz 214.1  22.6/224.6  28.4 213.6  22.1/223.9  22.2
P2LatFz 165.6  22.2/170.7  19.9 167  23/155.6  12.1
N1LatFz 117  18.7/110.1  13.6 115.2  17.2/108.6  12.3
P3LatCz 312.1  23.3/317  26.4 311.7  13.2/320.6  22.7
N2LatCz 211.3  21.6/223.4  28.3 214.1  21.6/222.7  21.1
P2LatCz 159.3  20.9/170.8  20 165.4  22/155  9.6
N1LatCz 111  18.2/109.9  13.3 115.1  16.1/109.9  10
P3LatPz 313.3  23.6/317  26.4 311.8  13.3/322.6  26.5
N2LatPz 214.2  26.4/223.1  28.9 213.5  22/224.1  21.5
P2LatPz 158.9  18/173.8  20.7 165.4  21.8/155.6  10.9
N1LatPz 113.4  15.7/112.8  13.4 114.8  15.9/112.6  8.9
Results are expressed in mean  standard deviation, and are presented for two sessions (session 1/session 2). Data from one/two ERP
sessions were available for 10/18 patients with a single GTCS, and for 7/21 patients with syncope. Abbreviations–—GTCS: generalized
tonic-clonic seizure; Lat: latency.attempted to discover an objective laboratory test or
identify clinical signs, which can differentiate
between the two conditions.3,18—20 The quest for
objective post-event clinical signs yielded several
possibilities, including lateral tongue biting and con-
fusion.2,21 Classically, only the later is considered as a
reliable differentiating clinical sign between GTCS
and syncope.
In addition to post-ictal confusion, Fisher and
Schachter22 reported of the inability to think clearly
for some time as the single main complaint after a
seizure. The later may consist of several cognitive
deficits, including decreased attention and concen-
tration, and poor short-term memory. Therefore,
we aimed to determine whether an objective
measurement of cognitive function can detect
post-GTCS cognitive impairment and assist in the
differential diagnosis of GTCS and syncope.
P3 is usually obtained by the ‘‘oddball’’ paradigm,
which involves the presentation of random, unex-
pected stimuli within frequent stimuli.7 Multiple
brain regions were associated with P3 generation,Table 3 ERP amplitudes (mV) during two sessions in patien
Single GTCS
P3AmpFz 18.8  8.2/16.2  8
N2 AmpFz 9.3  5.6/8.4  4.8
P2AmpFz 9.6  6.8/8.5  3.7
P3AmpCz 22.7  9.6/17.1  8
N2 AmpCz 8.5  5.2/5.9  3.6
P2AmpCz 10.1  5.6/10.3  4
P3AmpPz 20.6  8.9/16.1  7
N2 AmpPz 6.9  4.2/5  3.8
P2AmpPz 8.7  4.2/10.5  4.
Results are expressed in mean  standard deviation, and are present
sessions were available for 10/18 patients with a single GTCS, and fo
tonic-clonic seizure; Amp: amplitude.including inferior parietal, medial temporal and
frontal regions, the hippocampus and locus coeru-
leus.7 A prolonged interictal P3 latency and conflict-
ing results regarding ERP amplitudes were reported
by several investigators in adult patients with epi-
lepsy.4,11,13,23—25 Structural damage to the hippo-
campus, epilepsy duration, seizure frequency,
epilepsy type, interictal EEG abnormalities, and
AEDs, especially treatment duration and polyther-
apy, were implicated as possible causes of P3 latency
prolongation.4,11,12 Abubakr and Wambacq14 used
post-ictal ERP recordings, performed 6 h or less after
seizure, to localize the epileptogenic focus. They
detected post-ictal ERP amplitude reduction as com-
pared to preictal recordings for electrodes placed
ipsilateral to the epileptogenic focus. Interictal
recordings, performed seven to 48 h after seizure,
did not reveal any amplitude differences as com-
pared to preictal recordings. The same authors
used post-ictal ERP recordings to differentiate
between nonepileptic seizures and temporal lobe
epilepsy with focal seizures followed by secondaryts following a single GTCS or syncope
Syncope
.6 18.1  11.5/10.5  5.8
7.1  6.5/4.5  3.9
8.3  6/6.9  7.1
.1 20.4  11/12.8  8.9
7.5  5.8/7.4  4.6
10.7  6.9/9.9  3.8
.6 18.8  7.6/12.3  9.1
7  7.3/6.5  3
5 11.8  8.5/9.6  3.6
ed for two sessions (session 1/session 2). Data from one/two ERP
r 7/21 patients with syncope. Abbreviations–—GTCS: generalized
458 R. Gandelman-Marton et al.generalization.26 The methodology applied in these
studies included ERP recordings in patients already
admitted in an epilepsy monitoring unit. Our study
population included patients who presented to the
emergency department after syncope or first GTCS.
ERP recordings were performed in most of our
patients more than 6 h post-event, and on average,
more than a day following the event, while admitted
in either the Internal Medicine or the Neurology
Departments. ERP recordings are unavailable in our
hospital on emergency basis during the evenings and
nights, and this may have been themain contribution
to the delayed tests in our study.
Contrary to our hypothesis, we did not detect any
differences regarding neither ERP latencies nor
amplitudes between patients following syncope
and those following first GTCS. It is possible that
ERP recordings in our study were delayed relative to
the temporal occurrence of the suspected transient
cognitive deficit. Also, the ERP stimulus used in our
study may have been insensitive to the cognitive
impairment that may have occurred postictally.
Finally, post-ictal cognitive complaints were mostly
reported in patients with epilepsy, who were also
treated with AEDs. As mentioned earlier, epilepsy
duration, seizure frequency and AED treatment
were several of the factors that were found to affect
P3 latency, and none of these was present in our
patients.
In conclusion, the present paradigm of post-event
ERP does not differentiate between GTCS and syn-
cope. Further studies with different ERP stimuli and
probably earlier ERP recordings are needed for an
objective distinction between first GTCS and syn-
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